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Summary
Aims: Clinically and intuitively, it is believed that the incidence of abdominal injuries is
high when there is a combination of both thoracic and pelvic trauma. The aim of this
study was to establish the true incidence of intra-abdominal injury in these patients.
Methods: A retrospective analysis of the Scottish Trauma Audit Group (STAG) database
for the 5-year period from 1997 to 2001 inclusive. Significant chest, abdominal and
pelvic injuries were all defined as AIS  2. The incidence of abdominal trauma was
calculated for different combinations of severity of chest and/or pelvic trauma.
Results: 507/3644 (14%) patients with significant chest trauma but no pelvic trauma
had concomitant abdominal injuries, compared to 111/1397 (8%) patients with pelvic
trauma but no chest trauma. The likelihood of concomitant abdominal injury increased
significantly if both chest and pelvis injuries were present (239/507, 47%; p < 0.001).
Amongst patients with combined chest and pelvic trauma, the incidence of abdom-
inal injury increased with severity of pelvic and chest injury (pelvis and chest both
AIS = 2: 5/45, 11%; either pelvis or chest AIS = 3+: 81/198, 41%; both pelvis and chest
AIS = 3+: 153/264, 58%; p < 0.001). For patients with chest but no pelvic trauma, intra-
abdominal injury was significantly more common amongst penetrating than blunt
trauma (143/674, 21% versus 364/2970, 12%, p < 0.001).
Conclusion: As expected, patients with serious chest and pelvic trauma have a much
higher incidence of significant abdominal injury than patients with chest or pelvic
trauma in isolation. Where laparotomy is not immediately indicated, imaging should be
considered mandatory.
# 2004 Elsevier Ltd. Open access under CC BY-NC-ND license.
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260 J.G. Cooper et al.Introduction and aims
It is well recognised that there are many difficulties
in assessing the abdomen of trauma victims.17 While
an accurate history of the injury and astute clinical
examination are extremely valuable tools, their
effectiveness is often blunted in the trauma situa-
tion particularly when the patient has altered sen-
sorium due to a concomitant head injury11 or is
under the influence of alcohol or illicit drugs.
Further difficulties arise when the patient has an
injury to their spinal cord or adjacent structures
(e.g. lumbar spine, ribs). Focused clinical examina-
tion of the abdomen may not occur until the patient
has been successfully resuscitated. Normal haemo-
dynamic parameters sometimes occur despite hypo-
volaemia and can result in underestimation of the
extent and severity of injury. Serial examinations
are often not possible as patients may be anaesthe-
tised and taken to theatre (for operative procedures
on other injuries) or to the intensive care unit. All
these factors have led to a more liberal use of
diagnostic imaging for trauma patients with sus-
pected abdominal injuries.
Clinically and intuitively, it is believed that the
incidence of abdominal injuries is highwhen there is a
combination of both thoracic and pelvic trauma. The
aim of this study was to establish the true incidence
of intra-abdominal injury in these patients.Table 1 Abbreviated Injury Scale (AIS): examples of injury
AIS 1 AIS 2 AIS 3
Chest Contusion 2—3 rib
fractures;
sternal
fracture
3 rib fractures and
haemo-/
pneumo-thorax;
unilateral pulmonary
contusion; ruptured
diaphragm
(no herniation)
Abdomen Contusion Duodenal
contusion;
bladder
haematoma;
minor renal,
hepatic or
splenic
lacerations
Major splenic
laceration;
moderate hepatic
laceration;
galbladder avulsion;
retroperitoneal
haematoma
Pelvis N/A Undisplaced
fracture
Open, displaced or
comminuted
fracture;
symphysis pubis
separationMethods
The Scottish Trauma Audit Group (STAG) collects
data on trauma patients reaching hospital in Scot-
land who are hospitalised for at least three days or
who die as a result of their injuries. Patients are
followed until discharge, three months in-patient
stay or death. Patients under the age of 13 years are
excluded as are those aged over 65 years who have
an isolated fractured neck of femur or pubic ramus.
The audit uses TRISS methodology3 a combination
of the Revised Trauma Score (RTS) that measures
physiological derangement and the Injury Severity
Score (ISS) which measures anatomical damage. The
Abbreviated Injury Scale (AIS)16 is a detailed trauma
scoring system in which the body is split into six
different anatomical areas: head and neck, abdo-
men and pelvic viscera, bony pelvis and limbs, face,
chest and body surface. A score of 0 (no injury) to 6
(fatal) is ascribed to each patient for each area.
Scores for each injury are derived from a codebook
of over 1000 injuries. For each patient, the highest
scoring three AIS values are squared and then
summed to give the ISS. Some examples of AIS injury
scores are given in Table 1.
Although this was a retrospective study, informa-
tion was gathered prospectively. However, the STAG
audit has a data capture rate of 96% and the AIS
information is collected by dedicated local co-ordi-scores
AIS 4 AIS 5 AIS 6
Perforated
oesophagus;
bilateral
pulmonary
contusion;
open
pneumothorax;
ruptured
diaphragm
(herniation)
Perforated atrium
or ventricle; major
tracheo-bronchial
injury
Multiple
lacerations
of the
heart
Lacerated aorta;
major hepatic
laceration
Ruptured
stomach;
full thickness
rectal/perineal
injury
Pancreatic avulsion;
massive, complex
hepatic laceration;
renal hilar avulsion
Hepatic
avulsion
Pelvic fracture
with substantial
displacement
(<20% blood loss)
Pelvic fracture
with substantial
displacement
(>20% blood loss)
N/A
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Figure 1 Percentage of patients with abdominal injuries
(AIS  2) in relation to incidence and severity of chest and
pelvic injuries. See Table 2 for sample sizes.nators, and checked centrally using stringent qual-
ity assurance measures.
Using the STAG database for the 5-year period
from 1997 to 2001 inclusive, we retrospectively
examined the frequency of significant abdominal
injury (AIS  2, see Table 1) in relation to varying
severity of chest and/or pelvic trauma.
Chest and pelvic injuries were categorised as
absent (AIS 0 or 1), AIS = 2, or AIS  3. These cate-
gories were chosen to allow us to discriminate
between pelvic injuries in particular. Pelvic AIS = 2
includes patients with undisplaced fractures of
acetabulum, ilium, ischium, sacrum, coccyx and
pubic ramus. Therefore a group of patients with
pelvis AIS scores 2 would include some patients
with undisplaced coccyx and pubic rami fractures.
Using a pelvis AIS score of 3 excludes these
patients.
We also examined whether the incidence of
abdominal trauma varied in relation to patient
age, type of injury (blunt or penetrating) or
mechanism of injury. Percentages were compared
using two-tailed Fisher exact probability tests.Results
Over the 5-year period, 1513 (4.7%) of the 32,101
patients in the STAG database had an AIS  2 abdom-
inal injury. Of the 5548 patients with a chest and/or
pelvic injury, 857 (15.4%) patients also had abdom-
inal injuries. 507/3644 (14%) patients with signifi-
cant (AIS  2) chest trauma but no pelvic trauma
had concomitant abdominal injuries, compared to
111/1397 (8%) patients with pelvic trauma but no
chest trauma. The likelihood of concomitant
abdominal injury increased significantly if both
chest and pelvis injuries were present (239/507,
47%; p < 0.001).Table 2 Percentage of patients with abdominal inju-
ries (AIS  2)
Total
No chest injury No pelvis injury 656/26553 (2.5%)
Pelvis AIS = 2 37/888 (4.2%)
Pelvis AIS  3 74/509 (14.5%)
Chest AIS = 2 No pelvis injury 44/934 (4.7%)
Pelvis AIS = 2 5/45 (11.1%)
Pelvis AIS  3 8/25 (32.0%)
Chest AIS  3 No pelvis injury 463/2710 (17.1%)
Pelvis AIS = 2 73/173 (42.2%)
Pelvis AIS  3 153/264 (58.0%)
Sample size of patients in parentheses (number of patients–—
percentage in parentheses).Amongst patients with combined chest and pelvic
trauma, the incidence of abdominal injury increased
with severity of pelvic and chest injury (pelvis and
chest both AIS = 2: 5/45, 11%; either pelvis or chest
AIS = 3+: 81/198, 41%; both pelvis and chest
AIS = 3+: 153/264, 58%; p < 0.001). (Table 2 and
Fig. 1).
For patients with chest but no pelvic trauma,
intra-abdominal injury was significantly more com-
mon amongst penetrating than blunt trauma (143/
674, 21% versus 364/2970, 12%, p < 0.001) (Fig. 2).
Only five patients had penetrating pelvic injuries,
and two (40%) of these had associated abdominal
injuries. Serious penetrating injuries of the pelvis
were very uncommon (three patients) and little can
be inferred from this data.
As one might expect, associated abdominal inju-
ries were less frequent in patients admitted after
low falls than other mechanisms of injury (Table 3).Discussion
Whilst serious intra-abdominal trauma commonly
occurs with isolated injuries to the chest and pelvis,
these results demonstrate that the incidence of
abdominal injury is greatly increased in patients
with serious injuries to both the chest and the
pelvis.
This study lends support to the argument that
patients with severe chest and pelvis injuries should
have their abdominal cavity imaged to excludeFigure 2 Percentage of patients with abdominal injuries
(AIS  2) in relation to severity of chest injuries. Abdom-
inal injuries are more frequent in patients with penetrat-
ing injuries (chest AIS = 2, p = 0.001; chest AIS  3,
p = 0.002).
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Table 3 Percentage of patients with abdominal injuries (AIS  2) in relation to mechanism of injury
Mechanism of injury
Low fall < 2 m Other mechanism p
No chest injury No pelvis injury 0.2% (14135) 5.0% (12418) <0.001
Pelvis AIS = 2 0.8% (262) 5.6% (626) <0.001
Pelvis AIS  3 0.0% (50) 16.1% (459) <0.001
Chest AIS = 2 No pelvis injury 1.6% (185) 5.5% (749) 0.03
Pelvis AIS = 2 0.0% (6) 12.8% (39) 1.00
Pelvis AIS  3 (0) 32.0% (25) N/A
Chest AIS  3 No pelvis injury 1.5% (413) 19.9% (2297) <0.001
Pelvis AIS = 2 14.3% (7) 43.4% (166) 0.24
Pelvis AIS  3 25.0% (4) 58.5% (260) 0.31concomitant serious abdominal injury. However,
patients whose clinical condition dictates that they
receive immediate emergency surgery should not be
delayed by unnecessary imaging. The choice of
investigation will depend on local expertise and
availability.
Diagnostic peritoneal lavage (DPL) has been
widely used in the trauma setting. DPL, though
sensitive for the detection of intraperitoneal, is
not organ specific12 and can cause injury.5
Computed tomography (CT) scanning can accu-
rately delineate solid organ damage within the
abdomen and can reliably detect intraperitoneal
blood.6,8,10 CT usually requires the patient to be
transported to the radiology department away from
the safety of resuscitation facilities and usually
takes time.
Ultrasound (US) is increasingly becoming an
integral part of abdominal assessment in the
trauma situation. Being portable, non-invasive,
rapid and easily repeatable, US lends itself well
to the trauma setting. It is both sensitive and spe-
cific1,2,7,14,9 and can greatly reduce the number of
patients proceeding to DPL4 and CTscanning.4,13 The
focused abdominal sonogram for trauma or FAST
scan is a useful method of screening for haemoper-
itoneum, haemopericardium and haemothorax after
blunt trauma. It is a technique that can be easily
learned and accurately performed by non-radiolo-
gist clinicians.15
The incidence of significant intra-abdominal
injury associated with isolated pelvic trauma was
less than that associated with isolated chest trauma
when AIS  2 was used as the definition of significant
injury (8% versus 14%). Although 8% of all patients
with pelvis injuries but no chest injuries had asso-
ciated intra-abdominal injuries, this rose to 15% in
patients with AIS score 3. However, the incidence
of significant abdominal injury was still 4% amongst
AIS = 2 pelvic injuries which include undisplaced
fractures of the pelvis.In this study, patients with penetrating trauma to
the chest hadagreater incidenceof significant abdom-
inal injury than thosewith blunt trauma. Thisfinding is
a reminder of the importance of not under-estimating
the consequences of penetrating chest trauma.
Our definition of serious injury was anatomical
and retrospective. Physiological parameters (RTS)
were not studied as these are not specific for the
anatomical regions. Not all patients who died as a
result of their injuries had a post mortem examina-
tion and intra-abdominal injuries may have been
missed in these patients. It is also possible that
potentially significant intra-abdominal injuries
may have been missed in patients who survived to
initial discharge from hospital. However, we believe
that this is likely to be a rare occurrence. If any-
thing, both of the above would potentially result in
underestimation of abdominal injuries.
Many of these patients would have had clinically
obvious abdominal injuries which clearly required
laparotomy or imaging at the time of presentation.
It was not possible to exclude these patients in order
to identify those with abdominal injuries that were
not initially apparent.
Finally, imaging is an important adjunct to, but in
no way replaces, serial assessments by a clinician
with experience in the management of trauma.Conclusion
We conclude that patients with serious chest
and pelvic trauma have a much higher chance of
serious intra-abdominal injury than patients with
either chest or pelvic trauma in isolation. Given the
potential problems associated with the clinical
assessment of the abdomen in trauma and the pro-
jected clinical course for many of these patients, we
recommend a low threshold for the use of diagnostic
imaging of the abdomen in all patients with signifi-
cant chest and pelvic trauma.
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